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Xylella fastidiosa is an insect-borne bacterium that colonizes xylem vessels of a large number of host plants,
including several crops of economic importance. Chitin is a polysaccharide present in the cuticle of leafhopper
vectors of X. fastidiosa and may serve as a carbon source for this bacterium. Biological assays showed that X.
fastidiosa reached larger populations in the presence of chitin. Additionally, chitin induced phenotypic changes
in this bacterium, notably increasing adhesiveness. Quantitative PCR assays indicated transcriptional changes
in the presence of chitin, and an enzymatic assay demonstrated chitinolytic activity by X. fastidiosa. An ortholog
of the chitinase A gene (chiA) was identified in the X. fastidiosa genome. The in silico analysis revealed that the
open reading frame of chiA encodes a protein of 351 amino acids with an estimated molecular mass of 40 kDa.
chiA is in a locus that consists of genes implicated in polysaccharide degradation. Moreover, this locus was also
found in the genomes of closely related bacteria in the genus Xanthomonas, which are plant but not insect
associated. X. fastidiosa degraded chitin when grown on a solid chitin-yeast extract-agar medium and grew in
liquid medium with chitin as the sole carbon source; ChiA was also determined to be secreted. The gene
encoding ChiA was cloned into Escherichia coli, and endochitinase activity was detected in the transformant,
showing that the gene is functional and involved in chitin degradation. The results suggest that X. fastidiosa
may use its vectors’ foregut surface as a carbon source. In addition, chitin may trigger X. fastidiosa’s gene
regulation and biofilm formation within vectors. Further work is necessary to characterize the role of chitin
and its utilization in X. fastidiosa.

The vector-borne plant-pathogenic bacterium Xylella fastid-
iosa colonizes insect and plant hosts (6). As a xylem-limited
organism, X. fastidiosa interacts with plant structural polysac-
charides and has proteins implicated in cell adhesion to car-
bohydrate-coated surfaces and enzymes involved in the degra-
dation of pectin, glucan, and cellulose (35). Studies on X.
fastidiosa interactions with plants have demonstrated that this
organism is capable of degrading and potentially exploiting
host plant polysaccharides as carbon sources (32). Similar to
the xylem vessels in plants, the surface of the vectors’ foregut
also contains structural polysaccharides. These polysaccharides
may be enzymatically degraded by X. fastidiosa and used as
nutrient sources. In addition, they may affect the bacterium’s
biology: pectin for example, a plant structural polysaccharide,
induces a regulon that controls vector transmission of X. fas-
tidiosa (22). However, our understanding of how this pathogen
interacts with its insect vectors lags significantly behind other
aspects of its biology.

Xylem-sap-feeding leafhoppers and spittlebugs are vectors
of X. fastidiosa to plants (1). After acquisition from an infected
plant, the bacterium colonizes a narrow canal in the chitinous
mouthparts (foregut) of vectors (2). The foregut’s chitinous
lining is shed during each molt, together with the rest of the
insect’s exoskeleton (30). The exoskeleton of insects has a

complex chemical composition, but it is primarily a matrix of
chitin and proteins covered by a thin epicuticle that includes
mucopolysaccharides (3). Microscopy studies have indicated
that X. fastidiosa initially attaches to the foregut of vectors
laterally. Moreover, in older colonies, cells are always polarly
attached (2). Afimbrial surface adhesins have been demon-
strated to be important for early colonization of vectors but
had no observable role in biofilm maturation (23).

Chitin is one of the most abundant polysaccharides in na-
ture, second to cellulose (12); it is present in a wide range of
organisms, including fungi, nematodes, and arthropods. Chitin
is composed of N-acetylglucosamine units that form long
chains through 1,4-�-linked glycosidic bonds. As a plentiful
biopolymer in terrestrial and aquatic environments, it serves as
a major organic carbon and nitrogen source for microbes (12).
The chitinous surface of arthropods may also be colonized by
bacteria, facilitating microbial persistence in the environment
(20) or transmission between hosts in the case of insect vectors
(23). Degradation of chitin is performed by glycoside hydro-
lases (GHs) (chitinases; EC 3.2.1.14), which break down poly-
mers to smaller units or monomers. Chitinases are classified
into two glycoside hydrolase families (GH18 and GH19) based
on sequence similarity and protein structure (14, 15). GH19
has been found primarily in plants; plant chitinases have been
shown to impact fungal colonization (5, 9). GH18 includes
chitinases present in bacteria, fungi, animals, and plants (19,
28). Proteins in the GH18 family more often than not consist
of a catalytic and a chitin-binding domain, which are often
connected by linkers (19). The chitin-binding domain is not
involved in catalyzing the hydrolysis of the glycosidic bonds but
has been shown to increase enzyme kinetics (25).

In this study, evidence is presented supporting X. fastidiosa
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degradation and use of chitin as a carbon source. Additionally,
X. fastidiosa’s phenotype and gene expression profile were
modified in the presence of chitin. A functional GH18 ho-
molog in the genome of X. fastidiosa was identified in silico;
furthermore, homologs of it were found in other members of
the family Xanthomonadaceae. The significance of these find-
ings is discussed, as is the possible role of chitin utilization in
X. fastidiosa.

MATERIALS AND METHODS

Bacterial strains and culture conditions. Luria broth (LB; Difco Laboratories)
and solid Luria medium (1.5% [wt/vol] agar) were used to grow Escherichia coli
JM109 cells at 37°C. The sequenced X. fastidiosa grape strain Temecula (35) was
used and cultured on a modified version of the Periwinkle wilt solid medium
(PWG) (16) and the liquid medium XFM (22). Cultures were incubated at 28°C.
PWG was supplemented with 30 �g/ml of kanamycin in the case of rpfF mutant
KLN61 (26), green fluorescent protein (GFP)-labeled X. fastidiosa KLN59.3
(27), and GFP-labeled rpfF mutant KLN121 (7). For media with chitin, XFM and
LB were supplemented with 0.1 g/liter of colloidal chitin, which was prepared as
described by Ramirez et al. (31). In certain experiments, liquid XFM medium
was used without its carbon sources (disodium succinate and sodium citrate;
XFM �), which was also supplemented with colloidal chitin as a single carbon
source (XFM �-chitin).

Growth curve and adhesion assays. Determination of X. fastidiosa’s growth
curve in XFM, XFM-chitin, XFM �, and XFM �-chitin media was performed as
previously described (22). The total number of planktonic and attached cells in
each flask was estimated as described by Chatterjee et al. (8). Analysis of
variance (ANOVA) was used to compare planktonic and attached cell numbers
(log transformed) in the presence or absence of chitin. A post hoc test (Tukey’s
test) was performed to conduct pairwise comparisons of growth types. Log-
transformed cell numbers were normally distributed (Shapiro-Wilk test; P �
0.05). Cell adhesion to glass at the air-medium interface of flasks kept in a shaker
was used as another indicator of X. fastidiosa adhesion to surfaces as previously
described (22). The medium XFM-chitin without cells was included as a control
for the adhesion of colloidal chitin to flasks; minimal staining with crystal violet
was observed when compared to the treatments tested with cells added, XFM,
and XFM-chitin (figure not shown). To determine if there were any transcrip-
tional changes between X. fastidiosa grown in XFM and XFM-chitin, quantitative
PCR was used to determine differences in the transcription level of selected
genes (see the supplemental material for details).

Detection of chitinolytic activity. The PD1826 gene was identified in silico as
a chitinase gene in X. fastidiosa’s genome. Methodological details of the in silico
analyses are described in the supplemental material. PD1826 was transformed
into E. coli using an expression vector following standard procedures (see the
supplemental material for details). To detect chitinolytic activity by X. fastidiosa
and transformed E. coli, cells were harvested from liquid media and resuspended
in a protease inhibitor extraction buffer (1 mM ethylene diamine tetraacetic acid
[EDTA], 10 mM Tris-HCl, pH 7.4, 1 �M phenylmethylsulfonyl fluoride
[PMSF]). The suspension was then subjected to 5 cycles of freezing at �20°C and
thawing at room temperature. The total protein concentration was determined
according to Bradford (4). Proteins were separated using native polyacrylamide
gel electrophoresis following standard protocols (13). To determine if PD1826
was secreted, liquid medium suspensions were filtrated through 0.22-�m filters.
The filtrate was centrifuged at 14,000 rpm for 20 min at 4°C, and the pellet was
suspended in native electrophoresis sample buffer. Detection of chitinolytic ac-
tivity was performed by overlaying the gel with 2 ml of 50°C-heated 1% agarose
in 100 mM sodium acetate (pH 4.8), containing 300 �g of the substrate 4-meth-
ylumbelliferyl N-acetyl-�-D-N,N�,N�-triacetylchitotriose [4-MU(GlcNAc)3] (Sigma-
Aldrich), and incubated in 37°C for 10 min. Upon cleavage by endochitinases, the
fluorescent product methylumbelliferyl (4-MU) is released into the gel from the
trimeric substrate 4-MU(GlcNAc)3 and visualized under UV light (13). At large
concentrations, however, enzymes with less affinity for this substrate may also
hydrolyze it (17). A chitin-yeast extract-agar medium (10) was also used to
visually detect chitonolytic activity on agar plates.

Biofilm formation on leafhopper wings. A previously developed cell adhesion
assay that uses the chitinous hindwings of leafhopper vectors as a proxy for the
small region of the foregut colonized by X. fastidiosa was used to study cell
attachment and biofilm formation (23). X. fastidiosa vector Homalodisca vitri-
pennis individuals (collected from Bakersfield, CA, and reared in a greenhouse)
had their hindwings removed and washed with distilled water. Wings were at-

tached onto the concavities of agglutination slides using ParaplastX-TRA (Fisher
Scientific). GFP-labeled X. fastidiosa and GFP-labeled rpfF mutant cells grown
for 10 days in PWG were suspended in XFM � liquid medium (no carbon
source); suspensions were adjusted to an optical density at 600 nm (OD600) of
0.075, and 2 �l of the suspensions was loaded onto each wing. Slides were stored
in box and incubated at 28C° for 10 days. Sets of 20 independent wings from each
treatment were investigated after 2 days, 5 days, and 10 days. Drops were
removed and wings were washed with distilled water at 10 days, and the presence
of GFP-labeled cells in drops (prior to wash) and biofilm formation (after wash)
was detected with a UV light and appropriate GFP filters. Images were acquired
with an epifluorescence stereomicroscope in the Biological Imaging Facility at
The University of California—Berkeley.

RESULTS

Effect of chitin on X. fastidiosa growth and phenotype. X.
fastidiosa grew to larger populations in XFM-chitin than XFM,
suggesting it might use chitin as a carbon source (F1, 44 �
133.1; P 	 0.0001) (Fig. 1A). Cell adhesion assays showed that
X. fastidiosa cells grown in XFM-chitin attached to glass sig-
nificantly more than those in XFM (Fig. 1B and C). Further-
more, planktonic cells occurred at larger numbers than at-
tached ones in XFM (P 	 0.042), while the opposite was
observed for XFM-chitin (P 	 0.001). The transcription level
of the genes coding for fimbrial and afimbrial adhesins, fimA,
hxfA, and hxfB, was increased in XFM-chitin compared to
XFM (Fig. 1D). The transcription level of pilY1 was decreased,
suggesting lower cell motility (6) under this condition (Fig.
1D). These results partly explain the change of phenotype,
similarly to what was previously observed with the addition of
pectin to XFM (22). On the other hand, the expression level of
rpfF was not affected by the presence of chitin (Fig. 1D). RpfF
synthesizes the cell-cell signaling molecule DSF (diffusible sig-
naling factor) (26). For assays on chitinase activity using
4-MU(GlcNAc)3 an increase in fluorescence proportional to
increments in protein concentration was observed for cells
grown in XFM-chitin (Fig. 1E). A faint fluorescent band was
detected for cells from XFM at the highest protein concentra-
tion used, indicating a basal level of chitinase production.

In silico analyses of a chitinase and related genes in X.
fastidiosa. PD1826 was initially annotated as a hypothetical
protein in the strain used in this study (Temecula 1), but it is
present in other X. fastidiosa genomes and was annotated as an
enzyme in the GH18 family. Based on sequence similarity,
chiA was used to refer to PD1826 in this article. A database
search revealed that the deduced ChiA protein was 74% iden-
tical to the Xanthomonas campestris ortholog, while identity to
GH18 of other bacteria was lower, ranging from 28% with
GH18 of Halotheromothrix orenii H186 to 49% with GH18 of
Clostridium acetobutylicum ATCC 824. A phylogenetic analysis
(maximum parsimony) showed monophyly of chiA orthologs in
X. fastidiosa and Xanthomonas spp.; these genera also formed
a monophyletic clade when compared to other chiA orthologs,
indicating vertical descent of the gene in these genera (data not
shown).

The predicted molecular mass of ChiA was 
40 kDa (351
amino acids), with an isoelectric point of 8.36. ChiA had a
signal peptide of 19 amino acids. In addition, the hydropathy
plot suggested that the protein is secreted (data not show). The
alignment with other bacterial GH18s showed similarity in
the conserved catalytic regions with other GH18s, including
the essential Glu residue (36), which acts as a proton donor
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(see Fig. S1A in the supplemental material). Interestingly,
ChiA had no significant homology to chitin-binding domains
identified in other bacterial chitinases (37). The predicted sec-
ondary structure with potential catalytic domains is shown in
Fig. S1B in the supplemental material, while Fig. S1C repre-
sents the surface structure of the enzyme. These results indi-
cate that the inferred catalytic site of X. fastidiosa’s ChiA is
conserved and functional.

chiA is physically located within an 
10-kb locus in X. fas-
tidiosa’s chromosome (see Fig. S1D in the supplemental ma-
terial). This carbohydrate-processing locus contains 4 open
reading frames (ORFs) with sequence orthology to different
glycoside hydrolase families (see Table S1 in the supplemental
material). In that locus, chiA is followed by nahA, bmnA, and
bgl2. nahA encodes a �-N-acetylhexosaminidase (EC 3.2.1.52),
which has a �-N-acetylhexosaminidase glycoside hydrolase
family 20 conserved domain. bmnA encodes a �-mannosidase
(EC 3.2.1.25) with a glycoside hydrolase family 2 conserved
domain, while bgl2 encodes a glucan 1,4-�-glucosidase (EC
3.2.1.74) with a glycoside hydrolase family 3 domain. Enzy-
matic activity of ChiA followed by NahA would result in deg-
radation of chitin polymers to N-acetylglucosamine monomers.
The 
10-kb locus was found in both X. fastidiosa and different
Xanthomonas species. However, in other sequenced Xantho-
monadaceae members, such as Stenotrophomonas spp., the lo-
cus is absent, but homologs to chiA and the other three genes
in the locus are still present elsewhere in the genome. Other
genes hypothesized to be involved in chitin utilization by X.
fastidiosa are also present in other members of the Xantho-
monadaceae (Table S1; see Fig. 4A).

X. fastidiosa degrades chitin and uses it as a carbon source.
X. fastidiosa cells only grew in XFM � when supplemented
with colloidal chitin as a single carbon source (XFM �-chitin)
(Fig. 2A). For X. fastidiosa growing in XFM �-chitin, samples
were collected daily and chiA expression increased over time
(Fig. 2A). The cell-free suspension was used to detect chitino-
lytic activity using the fluorescent-labeled substrate 4-MU-
(GlcNAc)3; an increasing gradient of enzyme activity was de-
tected in the cell-free suspension, indicating the secretion of
ChiA (Fig. 2B). Additionally, clearing zones around X. fastid-
iosa colonies grown on chitin-yeast extract-agar medium plates
were observed, indicating chitin hydrolysis by a secreted en-
zyme (Fig. 2C).

Chitinolytic activity of E. coli expressing chiA. In order to
confirm that the predicted ChiA is an active chitinase, E. coli
was transformed with chiA. The E. coli transformants carrying
recombinant chiA grew in LB supplied with colloidal chitin and
were active in the hydrolysis of 4-MU(GlcNAc)3, while E. coli
JM109 and the transformant carrying the vector alone did not
hydrolyze the substrate (Fig. 2D).

X. fastidiosa forms a biofilm on chitinous surfaces: chiA is
regulated by DSF. GFP-labeled cells were suspended in XFM
�, and drops of suspension were loaded onto wings: cell growth
was inferred based on the presence of fluorescence on the
wings (Fig. 3). Growth was observed in both the wild-type (Fig.
3A) and rfpF mutant (Fig. 3B) treatments, while only minor
background fluorescence was observed in the no-cell control
(Fig. 3C). These results corroborate other observations indi-
cating that X. fastidiosa cells multiply in and colonize a chitin-
dominated environment. However, the rpfF mutant was af-

FIG. 1. Effect of chitin on Xylella fastidiosa. (A) Growth curve of X. fastidiosa in XFM in presence or absence of colloidal chitin. (B) Log-
transformed cell numbers present as planktonic or attached as a biofilm on glass in liquid XFM. Different letters on bars indicate statistically
different treatments. (C) Biofilm formation of X. fastidiosa in a shaking culture. The biofilm is stained at the broth-air interface. (D) Chitin-induced
transcriptional changes in X. fastidiosa; (E) in-gel chitinase activity ([4-MU(GlcNAc)3] cleavage) of X. fastidiosa whole-cell culture extracts.
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fected in colonization (drop; magnification, �25) and biofilm
formation (after wing wash; magnification, �80). This mutant
was deficient in adhesion to surfaces and vectors (23, 26),
which may have impaired its utilization of this substrate. In
addition, expression of chiA in the rpfF mutant was only 40%
of that of the wild type (Fig. 3D). The decrease was significant,
considering the role of chitin in X. fastidiosa’s adhesion and
gene expression and the fact that the presence of chitin in the
environment did not affect rpfF transcription (1.2-fold in rela-
tion to control) (Fig. 1D).

DISCUSSION

Although X. fastidiosa has been shown to degrade plant
polysaccharides such as pectin and glucan (32, 38), there is no
direct evidence that those carbohydrates are used as carbon
sources by this bacterium. A recent study showed that the
addition of pectin to a simple defined medium did not increase

X. fastidiosa’s population size (22), but the medium used in
that study included other carbon sources. On the other hand,
within its vectors, it has been assumed that X. fastidiosa obtains
nutrients from xylem sap flowing through the insect’s mouth-
parts; the possibility of this bacterium utilizing chitin as a
source of nutrients has not been discussed in the literature,
despite the presence of glycoside hydrolases in its genome.

We found that X. fastidiosa grew to larger populations when
chitin was added to the defined medium XFM. This finding
indicates that chitin is being used as a nutrient source even
though other organic acids were available, which was not the
case when pectin and glucan were added to the same medium
(22). However, similar to the effect of pectin on X. fastidiosa’s
phenotype, the presence of chitin in the environment resulted
in more biofilm formation, suggesting that this polysaccharide
induces changes in gene regulation in X. fastidiosa. Although
the expression of rpfF was not affected by chitin, fimbrial and
afimbrial adhesins were upregulated, while pilY1, which is as-

FIG. 2. Chitin utilization by Xylella fastidiosa. (A) Bacterial growth
curve in XFM medium without carbon sources (XFM �) or with chitin
added as the only carbon source (XFM �-chitin). Bars (second y axis)
show the progression of chiA expression over time. (B) In-gel chitinase
activity [4-MU(GlcNAc)3 cleavage] over time for X. fastidiosa culture
filtrates in liquid XFM �-chitin, demonstrating ChiA secretion; (C) X.
fastidiosa colonies grown on chitin-agar medium. The clear zones
around colonies indicate chitin degradation. (D) In-gel chitinase ac-
tivity (4-MU(GlcNAc)3 cleavage) for Escherichia coli strains grown in
LB medium.

FIG. 3. Xylella fastidiosa growth and biofilm formation on hind-
wings of leafhopper vectors. Cells were suspended in XFM �, and
drops were placed on wings. Wild-type (A) and cell-cell signaling rpfF
mutant (B) cells were incubated up to 10 days on wings. (C) Control
medium XFM � without cells. The upper pictures were taken at �25
magnification and are suspension droplets; the lower pictures were
taken at �80 magnification after removing the drop of medium and
rinsing the wings with water. (D) chiA expression in the cell-cell sig-
naling mutant rpfF compared to the wild type. Different letters on bars
represent statistically different treatments.
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sociated with cell motility, was downregulated. This transcrip-
tional pattern is associated with the cell adhesion phenotype
observed and is similar to that induced by pectin and glucan
(22). Chitinolytic activity increased in the presence of chitin in
the environment. These results suggest that chitin or its by-
products have a regulatory function in X. fastidiosa indepen-
dent of the cell-cell signaling cascade controlled by DSF, al-
though it is evident that the phenotypic and transcriptional
changes observed here also match those under DSF control
(6). Pectin had a similar effect on X. fastidiosa (22); thus,
cell-cell signaling is likely an overarching regulatory system
that regulates cell chitinolytic and pectinolytic activity, al-
though both chitin and pectin seem to also have an important
regulatory role in this pathogen.

A chitin-binding domain was not identified in chiA of X.
fastidiosa. However, it has been shown that the removal of the
chitin-binding domain from Clostridium paraputrificum’s ChiB
did not significantly affect hydrolytic activity when colloidal
chitin was used as a substrate (25). Furthermore, a noncatalytic
chitin-binding protein, CBP21, in Serratia marcescens was
found to be essential for chitin degradation by ChiA and ChiC,
and it was essential for the full degradation by ChiB (34). In
fact, several fungal and bacterial chitinases have been shown to
lack a binding domain (11, 24). Thus, it is possible that X.
fastidiosa’s ChiA does not possess a chitin-binding domain to
facilitate hydrolytic activity. However, X. fastidiosa has non-
catalytic chitin-binding proteins that may serve this role. Be-
cause ChiA is secreted by cells, afimbrial adhesins HxfA and
HxfB (hemagglutinin-like proteins), which are important for
chitin binding and cell adhesion to insect vectors (23), may
have a fundamental role in chitin degradation by this patho-
gen. Moreover, a search for chitin-binding proteins in the cell
membrane revealed the presence of several chitin-binding pro-
teins in X. fastidiosa (unpublished data). It is also possible that
ChiA has a chitin-binding domain with no sequence homology
to other known proteins with that function. Further research is
necessary to explore the role of chitin-binding proteins in the
chitinolytic activity of X. fastidiosa.

In medium with chitin as the sole carbon source, XFM
�-chitin, X. fastidiosa grew to similar optical density as in
XFM-chitin, which has two other organic acids as carbon
sources. Together with other evidence presented, chitin exploi-
tation as a carbon source while colonizing insect vectors seems
likely in X. fastidiosa. The media used included glutamine and
asparagine, so that even if X. fastidiosa could incorporate NH3

into amino acids, thus using chitin’s by-products as a nitrogen
source, as predicted based on its genome, the experiments
conducted here did not test that hypothesis. Because cells are
directly attached to the insect’s cuticle in a biofilm while col-
onizing vectors, it is unlikely that ChiA would be lost to the
environment despite the fact it lacks a chitin-binding domain.
Evidence for chitinolytic activity of X. fastidiosa in insects is
limited (Fig. 4B); one explanation is that studies looking at X.
fastidiosa’s colonization of vectors have focused on insects
already fully colonized. In the former case, cells are in close
contact with the cuticle of vectors and any evidence of chi-
tinolytic activity would be covered by a biofilm of adhered
cells (2).

Chitin utilization is well studied in marine bacteria, and it
includes several extracellular chitinases, noncatalytic chitin-

binding proteins, chitodextrinases, and periplasmic and cyto-
plasmic N-acetylglucosaminidases and N-acetylhexosamini-
dases (20, 21, 33). Using these systems as models, it seems that
X. fastidiosa also has a complete chitin-processing machinery
consisting of several enzymes, in addition to noncatalytic
chitin-binding proteins. In X. fastidiosa, chitin is hypothesized
to be degraded into chitobiose extracellularly and transported
into the periplasm via non-specific porins (Fig. 4A). In the
periplasm, chitobiose would be hydrolyzed into N-acetylglu-
cosamine, which would be phosphorylated and transported
into the cytoplasm by sugar ABC transporters. Deacetylation
and deamination of the substrate within cells result in fructose-
6-phosphate, acetate, and NH3, which are linked to different
metabolic pathways, as shown for other chitinolytic bacteria
such as Vibrio spp. (18, 20).

Although the existence of a chitin-processing machinery in
X. fastidiosa is not biologically surprising, given that it colo-
nizes insects, the finding that it also present in the much-
better-studied plant pathogen Xanthomonas was unexpected.
Xanthomonas spp. are epiphytic bacteria that also colonize
apoplastic space within leaf tissue and xylem vessels (6), but

FIG. 4. (A) Hypothetical model for chitin utilization in X. fastid-
iosa. Chitin is hydrolyzed to chitobiose outside the cell by chiA and
passively transported into the periplasmic space as a dimer. nahA
converts the substrate into N-acetylglucosamine, which is phosphory-
lated and transported into the cytoplasm via an ABC transporter.
(B) Scanning electron microscopy micrograph of X. fastidiosa cells
colonizing the mouthparts of a leafhopper vector. The arrows indicate
potential degradation of the chitinous surface at the fringe of the
microcolony. The picture is an unpublished image obtained in a pre-
vious study (2).
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they are not known to require arthropod vectors for dispersal
or to be associated with insects. Because the chiA locus is
conserved in all Xanthomonas spp. and X. fastidiosa (single
species in genus), and these two genera are monophyletic (29),
this locus must have been shared by the common ancestor of
these bacteria. However, X. fastidiosa seems to have exploited
this metabolic pathway to diverge and colonize insects. Thus, it
is possible that X. fastidiosa split from Xanthomonas after it
started colonizing insects. We speculate that Xanthomonas
uses ChiA to inhibit the growth of epiphytic fungi competing
with cells for resources on the surface of leaves, although a
knockout mutant is needed to understand its biological role.

In regard to X. fastidiosa transmission, N-acetylglucosamine
and other sugars may act as competitors for cell binding sites
within vectors, as shown by the lower X. fastidiosa attachment
to insect wings in suspensions supplemented with chitin (23). It
is possible that free N-acetylglucosamine released from chitin
degradation acts as a molecular competitor to partially detach
laterally bound cells from the cuticle of vectors (early stages of
biofilm formation), resulting in polar attachment of cells, as
observed in mature biofilms within leafhoppers (2). In these
late stages, fimbrial proteins would contribute to cell adhesion
to cuticle. The role of ChiA and chitin in X. fastidiosa’s biology
should be investigated in detail given the potential relevance to
the pathogen’s colonization of insect vectors. In vitro and in
vivo studies using chiA and other mutants will also be necessary
to dissect its role in this system.
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ADDENDUM IN PROOF

While this manuscript was under revision, work by Bou-
langer et al. (J. Bacteriol. 192:1487–1497, 2010) describing the
GlcNAc utilization pathway in Xanthomonas campestris pv.
campestris was published. Their research suggests that trans-
portation of GlcNAc through the inner membrane in Xylella
fastidiosa may not occur via ABC transporters but rather
through an MFS transporter.
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